The inheritance pattern of resistance was investigated in laboratory-induced temephos resistant and susceptible strains of Culex pipiens. The field population collected in Northwestern Tunisia was subjected to temephos selection and after 6 generations in the laboratory identified as Bou.tem6. Different genetic crosses were carried out between resistant and sensitive strains. The F1 offspring of the reciprocal crosses between the Bou.tem6 and S-Lab strains showed high levels of temephos resistance indicating that the resistant gene is completely dominant. The dose-mortality lines of reciprocal crosses to a sensitive colony showed the same projection and confirmed the autosomal inheritance of the resistance. Dose/mortality data for backcross showed that resistance to temephos is multifactorial. Our results were discussed in relation with previous studies.
Introduction:
Mosquito-borne diseases (malaria, hemorrhagic fevers, encephalitis, Filariasis) are the most important cause of mortality and morbidity, particularly in tropical areas (Horsfall, 1955; Service, 2003; Mullen, 2009 ). The prevention of these diseases is essentially based on the control of insect vector populations. Anti-vector control can be physical (sanitation), biological (use of pathogens or predators), genetic (introduction of sterile males) and/or chemical (synthetic or biological insecticides such as bacterial toxins). Although control with synthetic insecticides is not preferred, in many cases it remains the only possible approach (Davidson, 1964 The resistance to organophosphate insecticides can be explained by mechanisms that prevent these insecticides from reaching their target, or reduced sensitivity of the target (AChE) (Raymond et al., 2001) . Mosquitoes whose resistance is due to increased production of esterases have a genome characterized by amplification of the Est-3 and Est-2 genes. Genetic innovation consists of a gene amplification (Guillemaud et al., 1996; Guillemaud et al., 1997) . The second mechanism corresponds to a modification of acetylcholinesterase encoded by the Ace-1 gene in Culex pipiens (Scott, 1990; Feyereisen, 1995; Taylor and Feyereisen, 1996, Weill et al., 2002) , whose mutation reduces its affinity for two major families of insecticides used in public health (organophosphates and Carbamates) and leads to resistance.
Understanding the mode of inheritance helps in resistance detection, monitoring, modeling, and risk assessment (Sayed et al., 2000) . Hence, the present study aims to understand how the factors involved in resistance to temephos are transmitted by crossing the resistant strain established with the sensitive strain S-Lab. The hybrids (F1, F2) and the descendants of the backcross are tested by temephos and the resistances are compared to the parent strains.
Materials and Methods:

Mosquito Strains
One strain of mosquitoes was used in this study. The colony was derived from a collection of Culex pipiens eggs and larvae from Boussalem, Northwestern Tunisia, which was received in 2004. This colony was subjected to temephos selection and After 6 generations in the laboratory identified as Bou.tem6. A long-established laboratory reference strain, S-Lab was used for comparisons.
Insecticides
Two technical grade insecticides were used for selection and bioassay: the organophosphates temephos (9l%o; American Cyanamid, Princeton, NJ) and the carbamate propoxur (997o; Mobay). Two synergists were used to help detect detoxification enzymes involved in resistance: S,S,S tributyl phosphorothioate (DEF), an esterase inhibitor, and piperonyl butoxide (PB), an inhibitor of mixed function oxidases.
Selection and Bioassay Procedures
In this study, we undertook a laboratory selection of the larvae of this population by exposing them to doses of temephos sparing only 50 to 75% of their numbers, with the aim of obtaining a strain as much as possible homozygous for the resistance character. This approach is useful for studying the mode of inheritance of resistance. Bioassay tests utilized standard methods (Georghiou et al., 1966; . Data were subjected to probit analysis (Finney, 1971 ) using a BASIC program (Raymond, 1985) . Resistance ratios were calculated at the median lethal concentration (LC50) and LC95 by comparing the estimated lethal concentration values of the Boussalem strains with those of the susceptible S-Lab strain. Synergism tests were similar to the bioassay tests except that 0.5 ml of the desired concentration of synergist was added to each cup, followed by the concentration of insecticide.
Esterase Assay
Total esterase activity in individual, frozen adult mosquitoes (3 days postemergence) from Bou.nat and Bou.tem6 strains was determined according to the method of Pasteur et al. (1981 Pasteur et al. ( , 1988 ).
Inheritance of Temephos Resistance
To determine the mode of inheritance of the resistance genes, we crossed the homozygous strain for resistance to temephos previously described and the sensitive strain S-Lab as well as crosses F1xF1 and crosstests F1xS-Lab. We isolated the nymphs individually in plastic tubes filled 1/3 with water and covered with a loose cotton tip to be able to identify the sex of the mosquito at hatching and ensure that females used are blank. At the emergence, the adults are sorted by sex. All the males of one strain are introduced into a cage with virgin females of the other strain and vice versa. This allowed us to make crosses in both directions.
Results:
The linearity of concentration-mortality curves was accepted (P<0.05) only for Bou.tem6. T, ♀Boutem6×♂SL.T, ♂Boutem6×♀SLF1.T and ♀F1Boutem6×♂SL.T (Table 1,  Figure1) . Results of resistant and susceptible strains crosses of Culex pipiens are presented in Table 1 and Figure 1 . The F1 offspring of the reciprocal crosses between the Bou.tem6 and S-Lab strains showed high levels of temephos resistance. The RR50 of ♀Bou.tem6 × ♂ SL.T and ♂Bou.tem6 × ♀ SL.T are 17.71 and 19.95 respectively.
However, the RR50 of ♀F1Bou.tem6 × ♂ SL.T and ♂F1Bou.tem6 × ♀ SL.T are low (2.64 and 3.88 respectively). The dominance of the resistant character(s) is clearly confirmed.
Resistance was not significantly different between the reciprocal F1 families (Figure l) . The dose-mortality lines ♀Bou.tem6 × ♂ SL.T / ♂Bou.tem6 × ♀ SL.T and ♀F1Bou.tem6 × ♂ SL.T /♂F1Bou.tem6 × ♀ SL.T showed the same projection and confirmed the autosomal inheritance of the resistance.
Analysis of the temephos dose-response line of the backcross offspring (♀Bou.tem6 × ♂ SLF1.T and ♂Bou.tem6 × ♀ SLF1.T) revealed a distribution with a distinct plateau over a range of concentrations. Our results showed the heterogeneity of tested phenotypes.
Our results showed that neither esterases (or GST) inhibited by DEF nor P450 cytochrome mediated monooxygenases inhibited by PB played a role in the observed resistance of Bou.tem6. Culex pipiens of Bou.tem6 showed resistance to Propoxur which indicates an evidence of acetylcholinesterase insensitive.
Discussion
Our study on the mode of inheritance of resistance genes showed that factors of resistance to organophosphates are autosomal. Note that according to Bourguet et al. (1996) , there are two loci AChE in Culex pipiens, Ace-1 is involved in resistance to organophosphates and is autosomal, and Ace-2 whose role is unknown, but is very strongly linked to sex. In addition, Raymond et al. (1986) showed that resistance to propoxur is due to an insensitive AChE-1 (organophosphate target) that is encoded by an autosomal gene.
It seems from our results that there is a considerable intra-strain phenotypic heterogeneity (the curves of dose-mortality response are nonlinear ( Figure  1) . This confirms the hypothesis that resistance to temephos is rather multifactorial. This resistance was associated with acetylcholinesterase insensitive activity. Resistance controlled by a single gene develops and spreads much more rapidly when compared to polygenic resistance (Tabashnik, 1986; Roush and McKenzie, 1987) .
On the other hand, enzymatic conjugation (esterases, GST, and oxidases) does not seem to be involved in the resistance of the studied strain. This coincides with previous studies by Pasteur et al. (1999) which suggested the existence of a new mechanism not known (which does not appear to be affected by the synergists) responsible for the high resistance recorded in Tunisia. Several studies found the same conclusion: all enzymes inhibited by DEF and PB synergists (esterases, oxidases) play a very weak role in this enormous resistance and the mechanism involved remains to be elucidated ( 
Conclusion
The comparison of the temephos resistance of larvae from the different crosses showed that this trait is dominant and autosomal. In addition, the addition of synergists to temephos showed the noninvolvement of the enzymatic conjugation in the resistance of the studied strain, which confirms the hypothesis mentioned above.
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